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POLYMERIC STRUCTURAL SUPPORT MEMBRANE 

FIELD OF THE INVENTION 

5 The present invention is directed to structural support coverings for 

excavations, such as mines. More particularly, the present invention is directed to a 
polymeric membrane that is applied to the surfaces of an excavation to provide 
structural support. 

10 BACKGROUND OF THE INVENTION 

When ground is excavated, structural supports are placed in the excavation to 
prevent the ground from collapsing into the excavated area. Mainly, the ground is 
supported by support rods that are placed along the excavation. These supports are 
15 typically steel reinforcing rods that are held in place by mechanical anchors and/or 
grouts. These supports provide the main protection against unplanned rock falls. 

The excavation, however, exposes natural rock features, such as faults and 
joints, and can damage the ground by digging or blasting. Minor rock falls can occur 
20 between the main supports. Even though they may be isolated or relatively small, 
they still pose a hazard to people working in the excavation. 

To prevent these minor rock falls between the supports, wire screens or mesh 
have been installed between the main supports. There are many disadvantages to 

25 using a wire screen. The screen requires labor-intensive installation. The screen 
offers no protection against weathering of the rock face. Because of the unevenness of 
the rock face, the screen is not fully flush with the rock face. The screen only 
becomes effective after considerable rock movement puts tension on the screen. The 
screen is prone to corrosion and deterioration. The screen is prone to blasting damage 

30 if it is installed close to the advancing face. Because it cannot be installed remotely, it 
is hazardous to install because of falling rock. It can be difficult to cover with 
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shotcrete, relatively high rebound and lower substrate adhesion being commonly- 
encountered problems. 

One possible alternative to a wire mesh would be to spray concrete (shotcrete) 
on to the rock face. However, this would be expensive to apply to all surfaces in an 
5 excavation. In addition, shotcreting may not be possible in all locations. 

Sealants have been used in mines to prevent air leaks. Sealants, however, are 
not capable of providing structural support to a surface in an excavation. Generally, 
sealants are aqueous dispersions of polymer. Because of the water content, they 
10 cannot be applied to a surface at a thickness sufficient to provide support. Moreover, 
the aqueous dispersion prohibits quick setting of the polymer on the surface, which in 
mm does not provide sufficient tensile strength. 

What is needed in the art is a structural membrane that can be installed with 
15 minimal labor, can be installed remotely from the exposed rock face, offers 
weathering protection to the rock face, does not corrode, becomes effective with 
minimal rock deformation, can be applied near the advancing face, is less prone to 
blast damage, and can be covered with shotcrete if deemed necessary. 

20 It is an object of the invention to provide a polymeric structural support 

membrane for providing support to exposed surfaces in an excavation. 

It is another object of the invention to provide a polymeric structural support 
membrane that has a tensile strength, thickness, and molecular weight that are 
25 sufficient to provide support to exposed surfaces in an excavation. 

SUMMARY OF THE INVENTION 

The present invention provides a polymeric excavation structural support 
30 membrane comprising a polymer that is the initiator-induced reaction product of 
monomer: a self-extinguishing agent; and optionally at least one of a crosslinking 
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agent, a rheology modifier, reaction rate modifier, plasticizer, emulsifier, defoamer, 
filler, wet surface adhesion modifier, and coloring agent; wherein the monomer is 
selected from the group consisting of alkyl ester acrylates, alkyl ester methacrylates, 
and mixtures thereof: wherein the membrane has a tensile strength, a thickness, and a 
5 molecular weight sufficient to provide support to exposed surfaces in an excavation. 

The present invention also provides a method of reinforcing exposed surfaces 
in an excavation with a polymeric structural support membrane comprising: providing 
a mixture of a polymer that is the initiator-induced reaction product of monomer; a 

10 self-extinguishing agent; and optionally at least one of a crosslinking agent, a rheology 
modifier, reaction rate modifier, plasticizer, emulsifier, defoamer, filler, wet surface 
adhesion modifier, and coloring agent; wherein the monomer is selected from the 
group consisting of alkyl ester acrylates, alkyl ester methacrylates, and mixtures 
thereof; wherein the membrane has a tensile strength, a thickness, and a molecular 

15 weight sufficient to provide support to exposed surfaces in an excavation; and 
applying said mixture to an exposed surface in an excavation. 

The monomer is ethylenically-unsaturated momoner and is preferably selected 
from the group consisting of monofunctional alkyl ester acrylates, monofunctional 
20 alkyl iester methacrylates, and mixtures thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a polymeric structural support membrane 
25 for excavations. The membrane includes a polymer and a self-extinguishing agent. 

The polymer is a reaction product of monomer selected from the group 
consisting of monofunctional monomers, di-functional monomers, tri-funciional 
monomers, tetra-functional monomers, and mixtures thereof. By "functional", it is 
30 meant that the monomer has at least one ethylenic double bond which is capable of 
participating in an addition polymerization reaction to form a polymer. The term also 
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includes the case where the monomer may additionally have one or more functional 
groups which allow the possibility of crosslinking the polymer chains. Such groups 
can be ethylenic double bonds, or they may be other reactive groups (such as 
hydroxyl, carboxyl and amino groups) which can give rise to crosslinking by means of 
5 a crosslinking agent. It is preferred that further functionality above the level of 
monofunctional be supplied by additional ethylenic double bonds. It is possible to 
utilise a mixture of various monomers of different functionalities. 

The polymer is present in the membrane in an amount that provides the 
10 membrane with a tensile strength and a thickness, and it has a molecular weight, 
sufficient to provide support to exposed surfaces in an excavation. The polymer is 
generally present in an amount from about 30% to about 70% based on the weight of 
the membrane. In one embodiment, the polymer is present in the membrane from 
about 51 % to about 70% based on the weight of the membrane. 

15 

The monofunctional monomers used according to the present invention are 
monofunctional esters, particularly monofunctional alkyl ester acrylates, 
monofunctional alkyl ester methacrylates, and mixtures thereof. The methacrylates 
are preferred because they produce less odour. 

20 

Examples of useful monofunctional alkyl ester acrylates and monofunctional 
alkyl ester methacrylates include, but are not limited to alkyl acrylates and 
methacrylates and mixtures thereof. Lauryl and stearyl methacrylates are particularly 
useful materials, as they provide a plasticising effect. 

25 

The di-functional monomers can be any di- functional alkyl ester. Di-functional 
esters that can be used are di-functional alkyl acrylates, di-functional alkyl 
methacrylates, and mixtures thereof. An example of a di-functional alkyl ester is 
ethylene glycol dimethacrylate. Examples of di-functional monnomers having non- 
30 ethylenic groups as additional functionality include hydroxy propyl methacrylate and 
hydroxy ethyl methacrylate. 
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The tri-functional monomers can be any di-functional ester. Tri-functional 
esters that can be used are tri-functional acrylates, tri-functional methacrylates, and 
mixtures thereof. An example of a tri-functional ester is ethoxylated trimethylol 
propane triacrylate. 

5 

The tetra-functional monomers can be any tetra-functional alkyl ester. Tetra- 
functional esters that can be used are tetra-functional acrylates, tetra-functional 
methacrylates, and mixtures thereof. An example of a tetra-functional ester is 
pentaacrylate ester. 

10 

Preferably, the polymer is the reaction product of a monomer selected from the 
group consisting of monofunctional alkyl ester acrylates, monofunctional alkyl ester 
methacrylates, and mixtures thereof, and a crosslinking agent. 

15 When a monofunctional monomer is selected, a crosslinking agent is reacted 

with the monomer to provide crosslinking between the polymer chains to provide 
structural support. Suitable examples of the crosslinking agent include, but are not 
limited to, methylene bis acrylamide, polymethylmethacrylate, butadiene styrene 
acrylate, styrene butyl acrylate copolymer, 1,6-hexanediol dimethacrylate, ethoxylated 

20 bisphenol A dimethacrylate, polyethylene glycol dimethacrylate, and mixtures thereof. 
The crosslinking agent can be present up to about 30% based on the weight of the 
monomer. 

Because the membrane is being applied in an excavation, particularly in a 
25 mine, there is the potential for fire. In each jurisdiction, there are requirements that 
the membrane be self-extinguishing. The test is performed by holding the membrane 
to a flame for a fixed period of time. The membrane must then self-extinguish within 
a set maximum time. 

30 Provided in the membrane is a self-extinguishing agent. The self-extinguishing 

agent can be any material that provides self-extinguishing properties to the membrane. 
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Suitable examples of self-extinguishing agents include, but are not limited to, 
phosphates, such as tripheriyl phosphate or tri-(2-chloroethyl) phosphate, exfoliated 
graphite (which can be acid-treated natural graphite flakes), and mixtures thereof. 
The self-extinguishing agent is present in the membrane from about 5 to about 40% 
5 based on the weight of the membrane. 

The gel and set time of the membrane can be controlled by adding at least one 
initiator. The initiator can be an oxidizing agent. Suitable oxidizing agents include, 
but are not limited to, peroxides, such as benzoyl peroxide, dibenzoyl peroxide, 
10 persulfates, such as ammonium persulfate, and mixtures thereof. The initiator is 
added in an amount from about 1% to about 10% based on the weight of the 
monomer. 

In combination with the initiator, a reaction rate modifier, such as an 
15 accelerator, can be added. The reaction rate modifier can be a reducing agent. 
Suitable reducing agents include, but are not limited to, aniline-containing compounds, 
amines, glycols, octoates, and mixtures thereof. Suitable examples of the reaction 
rate modifier include, but are not limited to, triethanolamine, N,N-dimethyl-p- 
toluidine, and tripropyl amines. The reaction rate modifier can be present in an 
20 amount up to about 10% based on the weight of the monomer. 

The materials to form the membrane can either be provided as a single 
composition, or the materials can be provided as a two component formulation. The 
two component system may be desired when an initiator and a reaction rate modifier 
25 are being provided for in the membrane. In this instance, the initiator would be 
supplied in one component, and the reaction rate modifier could be supplied in the 
other component. 

The membrane can also include a rheology modifier to increase the viscosity of 
30 the membrane materials immediately after application to excavation surfaces. This 
may be desired to prevent the membrane from slumping before it cures when it is 
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applied to a surface in an excavation. Suitable examples of the rheology modifier 
include fumed silica, hydroxyethyl cellulose, hydropropyl cellulose, fly ash (as 
defined in ASTM C618), mineral oils (such as light naphthenic), tetra alkyl 
ammonium hectorite clay, any other solids that are inert to the other materials in the 
5 membrane, and mixtures thereof. The rheology modifier can be present in an amount 
up to about 10% based on the weight of the membrane. 

The membrane can also include an emulsifier. It may be desired to add an 
emulsifier to increase the adhesion of the membrane to a surface. The emulsifier can 
10 be any anionic surfactant or nonionic surfactant. Suitable examples of the emulsifier 
include, but are not limited to, ethoxylated nonyl phenols (preferably with 4-10 
ethylene oxide units), lauryl sulfates and mixtures thereof. The emulsifier can be 
present in an amount up to about 5% based on the weight of the monomer. 

15 The membrane can also contain a plasticizer to make the membrane more 

flexible. The plasticizer can be any material that plasticizes the polymer in the 
membrane. Suitable examples of the plasticizer include, but are not limited to, lauryl 
methacrylates and stearyl methacrylates. The plasticizer can be present in an amount 
up to about 40% based on the weight of the monomer. 

20 

The membrane can also include a filler. Suitable examples of the filler 
include, but are not limited to glass, such as crushed glass, quartz, silica, barytes, 
limestone, sulfates, alumina, various clays, diatomaceous earth, wollastonite, mica, 
perlite, flint powder, kryolite, alumina trihydrate, talc, sand, pyrophylite, granulated 
25 polyethylene, aluminum oxide, zinc oxide, titanium dioxide, and mixtures thereof. A 
preferred filler is titanium dioxide. The filler can be present in an amount up to about 
40% based on the weight of the monomer. 

The membrane can also include a wet surface adhesion modifier. The wet 
30 surface adhesion modifier provides for increased adhesion to wet surfaces. The wet 
surface adhesion modifier can be any material that increases the adhesion of the 
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membrane to a wet surface. Suitable examples of the wet surface adhesion modifier 
include, but are not limited to, metallic acrylate or methacrylate at up to about 3% of 
total monomer content, ammonium oleate, magnesium oleate, ammonium acrylate and 
metal borates. A preferred wet surface adhesion modifier is zinc borate. The wet 
5 surface adhesion modifier is preferably present in an amount up to about 3 % based on 
the weight of the monomer. 

The membrane can also include a colouring agent, such as a pigment or a dye, 
to provide a desired color to the membrane. An example of a colouring agent is 
10 titanium dioxide, but other colouring agents are also useful. The colouring agent can 
be present in an amount up to about 3 % based on the weight of the monomer. 

The membrane can also include a defoamer such as a modified silicone or a 
petroleum oil mixture. A preferred defoamer is FOAMASTER™ S available from 
Cognis Corporation, Cincinnati, Ohio. The defoamer can be present in an amount up 
15 to about 3 % based on the weight of the monomer. 

A preferred membrane is formed from a two-component reaction mixture. 
The first component includes the monomer and the crosslinking agent that react to 
become the polymer, and any other additive. The second component includes the 
20 initiator and any other additive. The two-component mixture is preferred so that the 
polymer does not prematurely react with the initiator. To form the membrane, the 
two components are mixed and allowed to react to form the polymer. 

The polymer generally has a weight-average molecular weight from about 
25 20,000 to about 150,000. Preferably, the polymer has a weight average molecular 
weight from about 45,000 to about 65,000. 

When applied to a surface, the membrane should be at least about 1.5mm 
thick. Preferably, the membrane is about 2mm to about 6mm thick. 

30 
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One property of the membrane is elongation, or the ability to be extended 
without breaking. It is defined as the percent increase in length of a membrane before 
it breaks (ASTM D638). It is desired to achieve the desired degree of elongation in 
the shortest possible time. Preferably, the membrane has an elongation greater than 
5 about 25 % after 24 hours from being formed. More preferably, the membrane has an 
elongation greater than about 50% after 8 hours. Most preferably, the membrane has 
an elongation greater than about 75% after 2 hours. 

Another property of the membrane is tensile strength. Tensile strength is the 
10 maximum force that a membrane can withstand before breaking (ASTM D638). It is 
desired to achieve a high tensile strength. Preferably, the membrane has a tensile 
strength greater than about 1 MPa after 24 hours. More preferably, the membrane 
has a tensile strength greater than about 1 MPa after 6 hours. Most preferably, the 
membrane has a tensile strength greater than about 1 MPa after 30 minutes or less. 

15 

The membrane also has the property of adhesion, or, the ability to adhere to a 
substrate to which it is applied. Adhesion is measured as the force required to remove 
the membrane from a surface (ASTM D4142). It is desired to achieve the desired 
degree of adhesion in the shortest amount of time. Preferably, the membrane has an 
20 adhesion strength greater than about 0.5 MPa after 24 hours. More preferably, the 
membrane has an adhesion strength greater than about 1 MPa after 8 hours. Most 
preferably the membrane has an adhesion strength greater than about 0.5 MPa after 30 
minutes or less. 

The membrane is also capable of quick setting. By "quick setting", it is meant 
25 that the membrane achieves at least one of the tensile, elongation, and adhesive 
properties within the time referenced above. 

It is also desired that the membrane have a useful service life greater than one 
year. Also, during this time, it is desired that the membrane not become brittle, not 
30 be affected by high and low humidity, and be able to be applied in dry to damp 
conditions. 
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Because the membrane may be applied underground in a mine, it is desired 
that membrane be non-toxic to human contact. 

In another embodiment of the present invention there is provided a method of 
5 reinforcing exposed surfaces in an excavation with a polymeric structural support 
membrane. The method includes providing a mixture of a monomer, a self- 
extinguishing agent an initiator, and optionally a crosslinking agent, reacting the 
mixture, and then applying the reacted mixture to the exposed surface. This method 
provides for applying the above-described polymeric structural support membrane on 
1 0 an exposed surface . 

The mixture can be applied by spraying, brushing, or rolling to provide the 
polymeric structural support membrane on an exposed surface. 

15 SPECIFIC EMBODIMENTS OF THE INVENTION 

The above described invention can be demonstrated by, but is not limited to, 
the following examples. 

20 EXAMPLE 1 

Several mixtures of membrane material were formulated. The formulations 
are listed below in Table 1A. The amounts are listed as percent by weight in the 
formulation. Additionally, the formulation contained about 3% by weight dibenzoyl 
peroxide as initiator and about 4 to about 5% by weight dimethyl aniline as a reaction 

25 rate modifier. 
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The materials in the Table 1 A are as follows: 

A - hydroxypropyl methacrylate (monomer) 

B - ethoxylated nonyl phenol (emulsifier) 

C - styrene n-butyl acrylate copolymer (crosslinking agent) 

5 D - styrene n-butyl acrylate copolymer with higher styrene content 

(crosslinking agent) 
E - triphenyl phosphate (self-extinguishing agent) 
F - 1,6-hexanediol dimethacrylate (crosslmking agent) 
G - ethoxylated bisphenol dimethacrylate (crosslinking agent) 

10 H - lauryl methacrylate (plasticizer) 

I - stearyl methacrylate (plasticizer) 
J - polyethylene glycol dimethacrylate (crosslinking agent) 
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TABLE 1A 



Mix 


A 


B 


C 


D 


E 


F 


G 


T T 

H 


I 


J 


1 


64.5 


3.3 


3.9 


0 


25 


3.3 


0 


0 


0 


rvi 

0! 


2 


65 


2.6 


3.9 


0 


25.2 


3.3 


0 


0 


0 


0 


3 


65.6 


3.9 


2 


0 


25.3 


3.2 


0 


0 


0 


0 


4 


63.2 


3.2 


5.9 


0 


24.5 


3.2 


0 


0 


0 


0 


5 


64.5 


3.3 


3.9 


0 


25 


3.3 


0 


0 


0 


0 


6 


63.6 


3.2 


3.9 


0 


26.2 


3.2 


0 


0 


0 


0 


7 


65.6 


3.3 


3.9 


0 


23.8 


3.3 


0 


0 


0 


0 


8 


65.7 


3.3 


3.9 


0 


25.4 


1.7 


0 


0 


0 


0 


9 


63.7 


3.2 


3.8 


0 


24.6 


4.7 


0 


0 


0 


0 


10 


65.7 


3.3 


3.9 


0 


25.4 


0 


1.7 


0 


0 


0 


11 


64.7 


3.2 


3.9 


0 


25 


0 


3.2 


0 


0 


0 


12 


63.7 


3.2 


3.8 


0 


24.6 


0 


A T 

4.7 


0 


0 


0 


13 


63.3 


3.2 


3.8 


0 


24.5 


3.2 


0 


2.1 


0 


01 


14 


63.3 


3.2 


3.8 


0 


24.5 


3.2 


0 


0 


2.1 


0 


15 


65.9 


3.3 


0 


2 


25.5 


3.3 


0 


0 


0 


0 


16 


64.7 


3.2 


0 


3.9 


25 


3.2 


0 


0 


o 


0 


17 


63.4 


3.2 


U 


D. / 




j.j. 


n 
u 


A 
\J 


n 




18 


64.7 


3.2 


3.9 


0 


25 


3.2 


0 


0 


r 0 


0 


19 


64.7 


3.2 


3.9 


0 


25 


3.2 


0 


0 


0 


0 


20 


64.7 


3.2 


3.9 


0 


25 


3.2 


0 


0 


0 


0 


21 


64.7 


3.2 


3.9 


0 


25 


3.2 


0 


0 


„ 0 


0 


22 


65.7 


3.3 


3.9 


0 


25.4 


0 


0 


0 


0 


1.7 


23 


64.7 


3.2 


3.9 


0 


25 


0 


0 


0 


0 


3.2 


24 


63.7 


3.2 


3.8 


0 


24.6 


0 


0 


0 


0 


4.7 


25 


61.2 


3.7 


3.7 


r o 


27.8 


3.7 


0 


0 


0 


0 



The above samples were prepared as films. The films were dumbbell-shaped, 
16mm wide along the test section, had an effective test length of 53ram, and had a 

5 total length of 93mm. The films were from about 3 to 4 mm thick. The tests that 
were performed were tensile strength (ASTM D638) after 1 hour, percent elongation 
(ASTM D638) after 1 hour, and water absorption at 24 hours. The water absorption 
was measured by weighing a film, immersing the film in water for 24 hours, 
removing the film and blotting it dry with a towel, and then reweighing the film. The 

10 percent increase in weight was recorded. The temperature in the laboratory during the 
testing varied. Five samples films were prepared and the test results of the five films 
were averaged. The results of the testing are listed below in Table IB. 
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TABLE IB 



Mix 


Temperature 
during the 
test 
(°C) 


Average Tensile I 
Strength after 1 

hour 

(Mpa) 


Average Elongation 
after 1 hour 

/ Of \ 

(%) 


Water 
absorption 
at zh nr 


1 


20 


6.3 


CO 

58 


1 ^ 


2 


21 


6.4 


62 


1 j.O | 


3 


21 


6.2 


72 




4 


22 


6.8 


61 


*X 1 


5 


22 


4.4 


*^ A 

74 


D.U 


6 


23 


4.6 


83 




7 


24 


5.3 


/LI 

67 


J. 1 


8 


24 


3.9 


127 


1 ~7 
/ 


9 


23 


5.1 


55 


.3.Z 


10 


24 


3.9 


219 


"7 1 


11 


24 


3.4 


178 


A A 


12 


24 


3.9 


157 


3.Z 


13 


24 


3.7 


O A 

84 


1 .0 


14 


24 


3.8 


74 


j.O 


15 


24 


4.2 


90 


1 A 


16 


24 


2.6 


100 


z.o 


| i 9 




6.2 


85 


4.0 


18 


23 


3.4 


76 


^ 3.2 


19 


23 


3.9 


68 


4.7 


20 


22 


5.5 


64 


3.2 


21 


21 


6.7 


46 


6.6 


22 


21 


5.2 


117 


5.6 


1; 23 


21 


5.6 


111 


6.0 


24 


20 


6.1 


r HO 


5.3 


25 


24 


3.5 


99 


3.2 



The results in Table IB show that the amount of each material in the 
membrane has an effect on tensile strength, elongation, and water absorption. By 
5 varying the amounts of the materials in the membrane, the properties of the membrane 
can be adjusted to provide for particular properties for a desired application. 

The adhesion was tested using mix numbers 10, 17, and 23 (ASTM4142). The 
substrate used for the adhesion tests was dolorite. Adhesion results were 2.0 MPa, 
10 1.2 MPa, and 0.8 MPa, respectively. 
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EXAMPLE 2 

Several two-component membranes were formulated. The formulations are 
listed below in Table 2A. The amounts are listed as percent by weight in the 
combined formulation. The materials listed below are formulated in the component 
5 indicated. 

Materials in table are as follows: 
A - hydroxypropyl methacrylate (monomer) 
B - triphenyl phosphate (self-extinguishing agent) 
10 C - ethoxylated nonyl phenol (emulsifier) 

D - acrylic-styrene emulsion (crosslinking agent) 

E - hydroxypropyl cellulose 

F - exfoliated graphite (self-extinguishing agent) 

G - tetra alkyl ammonium hectorite clay (rheology modifier) 
15 H - titanium dioxide (colouring agent) 

I - fumed silica (rheology modifier) 

J - benzoyl peroxide (initiator) 

K - N,N-dimethyl-p-toluidine (reaction rate modifier 

L - ethoxylated(4) bisphenol A dimethacrylate (crosslinking agent) 
20 M - (10)ethoxylated(10) bisphenol A dimethacrylate (crosslinking 

agent) 



Component 
1 and 2 

1 and 2 
1 and 2 
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TABLE 2A 



Material 


Mix 2-1 


Mix 2-2 


Mix 2-3 


Mix 2-4 


Mix 2-5 


MIX Z-0 


A 


59.6% 


58.7% 


59.6% 


58.7% 


39.5% 


*2Q c Of 


B 


26.8% 


26.4% 


26.8% 


26.4% 


31.7% 


31. / TO 


C 


2.7% 


2.6% 


2.7% 


2.6% 


a rvor 
0.0% 


n not. 


D 


3.0% 


2.9% 


3.0% 


2.9% 


0.0% 


0.U70 


E 


r\ cat 


\J.J/0 


ft s% 


0 5% 


0.0% 


0.0% 


F 


0.0% 


0.0% 


0.0% 


0.0% 


5.1% 


5.1% 


G 


0.0% 


0.0% 


0.0% 


0.0% 


9.3% 


9.3% 


H 


0.0% 


0.0% 


0.0% 


0.0% 


0.7% 


0.7% 


I 


0.0% 


0.0% 


0.0% 


0.0% 


2.6% 


2.6% 


J 


6.0% 


5.9% 


6.0% 


5.9% 


1.6% 


1.6% 


K 


0.0% 


0.0% 


0.0% 


0.0% 


0.3% 


0.3% 


L 


1.5% 


2.9% 


0.0% 


0.0% 


0.0% 


0.0% 


M 


0.0% 


0.0% 


1.5% 


2.9% 


9.2% 


9.2% 



The above samples were prepared as films and tested as in Example 1 for 
tensile strength and elongation. The results are listed below in Table 2B. 

5 

TABLE 2B 



Mix No. 


Average 
Tensile 
Strength 
after 1 hour 
(MPa) 


Average 
Elongation after 1 
hour 
(%) 


2-1 


5.3 


49 


2-2 


5.7 


57 


2-3 


4.5 


101 


2-4 


4.8 


132 


2-5 


4.2 


142 


2-6 


3.5 


153 



The results in Table 2B show the effect on tensile strength, elongation, and 
water absorption by varying the amounts of each material in the membrane. By 
10 varying the amounts of the materials in the membrane, the properties of the membrane 
can be adjusted to provide for particular properties for a desired application. 
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Additionally, the ratio of the first component to the second component was 
varied to determine the effect on tensile strength and elongation. The formulation for 
Mix 2-5 was selected. The comparison of ratio was based on 2.8 to 1 pans 
component 1 to component 2 by weight. The samples were prepared as films and 
5 tensile strength and elongation were tested as in Example 1. The results are listed 
below in Table 2C. 



TABLE 2C 



Mix Ratio 


Average 
Tensile 
Strength 
after 1 hour 
(MPa) 


Average 
Elongation after 
1 hour 
(%) 


50% more Component 2 


1.4 


72 


25% more Component 2 


1.8 


98 


10% more Component 2 


2.5 


114 


2.8 to 1 parts Component 1 
to Component 2 by weight 


3.1 


126 


10% less Component 2 


3.6 


115 


25% less Component 2 


5.3 


105 


50% less Component 2 


8 


10 



The results show that the elongation reaches a maximum at a ratio of about 2.8 
to 1 parts component 1 to component 2, while tensile strength increases with 
decreasing amount of component 2. 

EXAMPLE 3 

Additional two component membranes were formulated. The formulations are 
listed below in Table 3A. The amounts are listed as percent by weight in the 
combined formulation. The materials listed below are formulated in the component 
indicated. 



f 
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Materials in table are as follows: 

A - hydroxypropyl methacrylate (monomer) 

B - triphenyl phosphate (self-extinguishing agent) 

C - (lO)ethoxylated(lO) bisphenol A dimethacrylate (crosslinking 

agent) 

D - tetraalkyl ammonium hectorite clay (rheology modifier) 

E - exfoliated graphite (self-extinguishing agent) 

F - fumed silica (rheology modifier) 

G - titanium dioxide (coloring agent) 

H - N,N-dimethyl-p-toluidine (reaction rate modifier) 

I - benzoyl peroxide (initiator) 



Component 



and 2 



and 2 



and 2 



TABLE 3A 



Material 


Mix 3-1 


Mix 3-2 


Mix 3-3 


Mix 3-4 


A 


47.4% 


48.3% 


46.4% 


44.2% 


B 


23.7% 


24.1% 


26.5% 


29.3% 


C 


11.9% 


12.1% 


11.6% 


11.1% 


D 


13.5% 


13.7% 


13.5% 


13.2% 


E 


0.0% 


0.0% 


0.0% 


0.0% 


F 


1.9% 


0.0% 


0.0% 


0.0% 


G 


0.3% 


0.5% 


0.5% 


0.5% 


H 


0.1% 


0.2% 


0.2% 


0.1% 


I 


1.2% 


1.2% 


1.3% 


1.6% 



The above samples were prepared as films and tested as in Example 1 for 
5 tensile strength and elongation. The results are listed below in Table 3B. 
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TABLE 3B 



Mix No. 


Average 
Tensile 
Strength 
after 1 
hour 
(MPa) 


Average Elongation 
arter I nour 

(%> 


Mix 3-1 


5 


45 


Mix 3-2 


9.5 


59 


Mix 3-3 


7 


76 


Mix 3-4 


4.5 


82 



The results in Table 3B show the effect on tensile strength, elongation, and 
water absorption by varying the amounts of each material in the membrane. By 
5 varying the amounts of the materials in the membrane, the properties of the membrane 
can be adjusted to provide for particular properties for a desired application. 

The present invention therefore is demonstrated to be capable of providing an 
excavation polymeric structural support membrane. 

10 

It should be appreciated that the present invention is not limited to the specific 
embodiments described above, but includes variations, modifications and equivalent 
embodiments defined by the following claims. 
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CLAIMS 

1. A polymeric excavation structural support membrane comprising a polymer 
that is a initiator-induced reaction product of monomer; a self-extinguishing 
agent; and optionally at least one of a cross-linking agent, a rheology modifier, 
reaction rate modifier, plasticizer, emulsifier, defoamer, filler, wet surface 
adhesion modifier, and coloring agent; wherein the monomer is selected from 
the group consisting of alkyl ester acrylates, alkyl ester methacrylates, and 
mixtures thereof; wherein the membrane has a tensile strength, a thickness, 
and a molecular weight sufficient to provide support to exposed surfaces in an 
excavation. 

2. The polymeric structural support membrane of claim 1, wherein the membrane 
comprises a polymer that is a reaction product of a monomer, an initiator and a 
crosslinking agent; a self-extinguishing agent; and optionally at least one of a 
rheology modifier, reaction rate modifier, plasticizer, emulsifier, defoamer, 
filler, wet surface adhesion modifier, and coloring agent; wherein the 
monomer is selected from the group consisting of monofunctional alkyl ester 
acrylates, monofunctional alkyl ester methacrylates, and mixtures thereof. 

3. The polymeric structural support membrane of claim 1 or 2, wherein the 
polymer is present in an amount from about 30% to about 70% by weight of 
the membrane, the self-extinguishing agent is present from about 5% to about 
40% by weight of the membrane, the initiator is present from about 1 to about 
10% by weight of the monomer. 

4. The polymeric structural support membrane of claim 1 or 2, wherein, if 
present, 

a. the crosslinking agent is present up to about 30% by weight of the 
monomer; 

b. the rheology modifier is present up to about 10% by weight of the 
monomer; 

c. the emulsifier is present up to about 5% by weight of the monomer; 
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d. the plasticizer is present up to about 40% by weight of the monomer; 

e. the filler is present up to about 40% by weight of the monomer; 

f. the wet surface adhesion modifier is present up to about 3% by weight 
of the monomer; 

5 g. the coloring agent is present up to about 3 % by weight of the monomer; 

h. the defoamer is present up to about 3 % by weight of the monomer: and 

i. the reaction rate modifier is present up to about 10% by weight of the 
monomer. 

5. The polymeric structural support membrane of claim 1 or 2, wherein the 
10 polymer has a weight-average molecular weight from about 20,000 to about 

150,000. 

6. The polymeric structural support membrane of claim 1 or 2, wherein the 
membrane is characterized by at least one of: 

j. an elongation greater than about 25% after 24 hours from being 

15 formed; 

k. an elongation greater than about 50% after 8 hours from being formed; 
1. an elongation greater than about 75% after 2 hours from being formed; 
m. a tensile strength greater than about 1 MPa after 24 hours from being 
formed; 

20 n. a tensile strength greater than about 1 MPa after 6 hours from being 

formed; 

o. a tensile strength greater than about 1 MPa no longer than 30 minutes 
from being formed; 

p. an adhesion strength greater than about 0.5MPa after 24 hours from 
25 being formed; 

q. an adhesion strength greater than about 1 MPa after 8 hours from being 

formed; and 

r. an adhesion strength greater than about 0.5 MPa no longer than 30 
minutes from being formed. 
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7. The polymeric structural support membrane of claim 1 or 2, wherein the 
membrane is a reaction product of a first component and a second component; 
wherein the first component comprises monomer, and optionally a crosslinking 
agent, a reaction rate modifier, a self-extinguishing agent, a rheology modifier, 

5 filler, and a defoamer; and the second component comprises an initiator, and 

optionally a self-extinguishing agent, a rheology modifier, and a defoamer. 

8. A method of reinforcing exposed surfaces in an excavation with a polymeric 
structural support membrane comprising providing a polymeric structural 
support membrane mixture as in any of claims 1-7, and applying said mixture 

10 to an exposed surface in an excavation. 

9. A polymeric structural support membrane formed from the process 
comprising: 

s. reacting a monomer, an initiator and a self-extinguishing agent; 
and optionally at least one of a crosslinking agent, a rheology 
!5 modifier, reaction rate modifier, plasticizer, emulsifier, 

defoamer, filler, wet surface adhesion modifier, and coloring 
agent to form a mixture; wherein the monomer is selected from 
the group consisting of alkyl ester acrylates, alkyl ester 
methacrylates, and mixtures thereof; 
20 t. applying the mixture to an exposed surface in an excavation; 

wherein the membrane has a tensile strength, a thickness, and a 
molecular weight sufficient to provide support to the exposed 
surfaces in the excavation. 
10. The polymeric structural support membrane of claim 9, wherein the tensile 
25 strength is at least 1 MPa, the thickness is about 1.5mm to about 6mm, and the 

weight average molecular weight is about 20,000 to about 150.000. 
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